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(57) Abstract: A linear repeater and an optical fiber communication system that use a forward exciting DRA capable of using an 
exciting light source such as an FBG exciting light source and a fiber laser used most frequently. The optical fiber communication 
system comprises a silica fiber as a gain medium for Raman amplification for amplifying a signal light, an exciting light source 
for feeding an exciting light propagating through the silica fiber in the same direction of and along with the above signal light, and 
a multiplier for the signal light and the exciting light installed between the silica fiber and the exciting light source, wherein the 
multiplier is provided with a means to which a signal light having a wavelength on the longer wavelength side of the zero dispersion 
wavelength of the silica fiber and which multiplexes this signal light with an exciting light output from the exciting light source, 
and the exciting light source is provided with a means of outputting an exciting light having the longest wavelength being on the 
shorter wavelength side of the wavelength of the signal light, that is, being on the lower frequency side by the frequency difference 
of 13/7THz-30THz. 
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Onm) fcStLT, M»^-L-Cm3. 7THz®jft^Wfc:i9:j£$ft5o i^t^. Jgb 
^3«S^1430nmJ^T^i-tV»V \ 

[0065] Lfc^ot, H4(Z)#^i:^ICJ;5^, t*gf-CBgat?fcofc 

[0066] m^mmm) 

^LTV^ 0 *|»Jtlt ttf^lEDRA(D^j^DSF(DSF-l)(Dm^^ 
9#M)o 

[0067] EllOfi, ^^/W^M^^PBMdSEDF^ev?^— /V30<DBbjg#tt£r^LTl ^ 0 

HHOf^W^A^M^;/^- (mw) SrW), *«Hc:m^^#3fe^l7— (dBm) Sr 

2fcK£r^;fC(144(X 1460, 1470, 1490nm) $ljfebfc 0 imO:i8j;tWI&0>*fefftj|S 
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[0068] ^V/W^M^^PiSj^BEDF^e^— /V30\Z.m^X^>tf/Vs<^m.(D^M 

medf^v^.— /^mm-r^th-c^o z.<d&&\z.^ ^^/v^m^mm 

Sl^SEDF^E-v^ — /Vtr^ N I^^^^^^VVW^M^jaPiiMb^SEDF^E-v 5 ^.^ — ;V3 

/V30i«9S^ (1440nm^_h^^) £&3 0 
[0069] (^EHJfeW 

*5it>^^^»!lt-j:tt^\ ^*S^-ePpm-efcofcND-FWM*Dj;t>^RI 

[0070] m^m^m^im X s, i?n#1ffcjg;g<DflbJvfiit£: * <X IMM 

2^,0-^s=Xp -"(1) 

X0=1545nm N X s= 1605nm<D£^\ X p< 1470nm^LTV^ o -f-jfe 
210-ls>Xp + 15 •••(2) 

[0071] ®^^^^-^^(DFBG®i®^M^^^#^^M^i:WTO-i:^^^^o 

[0072] IMM^H^S^ 7T^9v^V- f \ ^ftFBG-LD, 2)fcftFBG-L 
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D, joJ;OTP-LD(7T^y LD)-C&3 0 -&n&Wti&&<DMc'l^M. X 0(3153 

OnnTCfcSo 77^?vM/- if, ^-^^^FBG-LD, 2^^FBG-LD, FP- 
LDOjlR-eSNR^^V ^kffit>i)*Z> 0 

[0073] Z.<Dk%. &mB&ftM<DlOdBfa&&TiZ*5l1rZ>96ffl&MM A X tt, 7r^^7 
-x'^W— If-C^jO. 5nm. ip.— ^SFBG-LD-C^j2nm N FP-LD-^JlOnnrCfc 
ofc 0 -f-Jfet?*), A ;i/^^f£ifSNR;»v\ *fc, 2^ftFBG-LD-C^. jg^ 
Hc^^jRSFBG-LD©2fl|'T?S>5*^, ^^AXi»^ 0 

[0074] £Jt_h0>rfa5»£>, FP-LDK)ia3feM, #^ft<OTBG— LDJMMC (K£bTFBG 

&>3o fa/SU BufEW^ft^M^^ft^H^ifii-efe^, fcMBUpf^ (l)S;© 
ftJg^Sr&fcSflfTCfcSo tfrlBStSraBiri, ^SSFBG— LD<Z>A X^$j2n 

[0075] Ell2^ FP-LDJS!lS3teM^fflV>^^^*3^5LD^lbm^i:M3feSNR*3 

(iSNR(dB)^5 0 012^i~j;5^, Wlb«aiii:i:t>t!:jaijB3teSNR}3J;tjem#3te 

[0076] 013ri, ^EHJfe^lte:*3it5FP-LDJgb^3fe^«^^U-CV>S 0 »£B«C 
•Ctt, SSNR^#5fc*, WT^X^LTV^o ^^#mi-5€-LD41 (FP-LD 

[0077] #Rr^r^^— ^40d^(DMi)^M^^(WT-e»PBC^V>5)42-e^ 

££W>fc:_L#U .»m^lOOmAfefc«9-e^)3nm, MmOg&&0T?*&4nm_L# 
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[0079] #!J;U3\ M^^i-^»2o(DLD(LDl*Dj;tJ«LD2i:-r^)(Dli)SBMft(D0f^ 
ifctt/$H440nm<D£i\ M^7^3HU;oT, LD?M25°CT\ LDKZ>$c;ft/$H44 
4nm, LD2<^^S^1436nmf31^oTV^cti-^) 0 'CQ£;i\ LDl<mfiJ&15°C, L 
D2(D?aS^35 0 C^i-§r^^J;'9, LDl^oJ:t^LD2(7)S|jia^;^^^^, 1440n 

vj^tvt*— ?4o-effiM<Dimz.mfe^%o 
[0080] (m^mmm) 

^mmmxit^ me&mmvxm-mmmxm^fcw&x^w^mfc^m or 

[0081] 014^, miCOBM^M^l-l, l-2P fc g^^b-^tl,^Mb/cEDFA16, 26CD#| 

n^^^§EDFflJ#^n^^51^, ff^^(Dm^/#J(-ieg$tLfc^2(DEDF^J# 
^d5,^-e^§EDF^IJ#^ti5/^53^ N EDFflJ#^n^^51^EDF^IJ#^i35/^53(D 
^iCiag$tb^lJ##^3 I 6^/^52^, EDF^IJ#:/ti;y^53^^£tK EDFflJ 
#:/n^53 cF ^KMbfcflJ#^®^LT(DEDF (0^R&) <DSi|te#**^ffi 

«s^*^mimj^54^,^^*^miii{^54^^$tb^^*i§sisi 
yt^—^mt^^t^x, £cmfrttmmm&54K£<>xmmt$tiz>Bifefrft 

[0082] EDF^IJ#^^5/^51{i4E<Tt>J:<, flJ#^b^^^/V^52«EDF^J# 
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[oo83] ^mMm^n^mi^nm-r^o KVFmn-?^ y ?53tp<DEr>F<DdBmiL 
-eofij# (g) ttmfem&A, mmmmmmm^s (=Emi SS ion) , iii^tiiR 

emi 

WtMfM&S (=Excited State Absorption) , UMUWr^^M&S (=Absorption) , r— & 

ESA abs 

;v<nnmk}mmn&s =s +s , &tc±&m&&^i£m$:N tvx^ 

emi— tot emi ESA 2 

G=A(S N -S ) •••(3) 

emi— tot 2 abs 

[0084] ®15te, ^/K^fla^^tiiifffiaS *3J;T«iTOffi»S tf^-^h/V^ 

emi— tot abs 

fe^**-efe§_hfi^^^"Jt*N ^42%, 40%, 38%, 36%, 34%<D^^£ 

2 

oV^T•?^tv•etLEDF^lJ#^-<^h/^^^^b-CV^§ 0 &3o, Hl6-e«1tl6i-^ft 
Jt3*N =38%(Di:^(DLm^*3(t^¥ffl^J#^20dB-efe?. o ^LT, g|16^J; 

2 

2 

[0085] B|17», B|16^^^fefcflJ#^k»^^b/V^bTV>^ 0 JM4«m, _tf£P 
{££^Jt*N ^38%(D^(i-^t>^, ft ^«S^^TEDF^IJ#^-^r- 

2 

2 2 

AG = G(N )-G(N =38%) —(4) 

2 2 

[0086] ^(DflJ#^(D#^fflV^r^T\ BU^S()?EDRA^5tffiLJfeV^^^^$tb6 
EDFASrJB VvfcflSfc, fif^lMDRAOM ^«toTfffc^#^P$^7^^ftJ#<D 
;*^M^£\ EDFflJ#^n 5 /^53rt(DEDF(DflJ#^^-eM«^-^^'e#^o 



WO 2006/001229 



18 



PCT/JP2005/011135 



FW&7^y?53fa<DBDF<Dm^WJ> / £^'<?h/l' (El *¥<D rEDFAf ) 
, EDFfU^P^^SSl^KDEDF^i^^iL^^^b^N £N =36. 5%tVfc Q 

2 2 

[0088] ft ^igft^l575~1605nm^^oitSM#<^^i6:A^^^^ M#«ldB^rt 

*3tt^h— ^/^WcD^^h/W^ilU fff^lMDRA<D^^flJ#£rEDFflJ#:7* 
a 5/^ 5 3 ft (DEDF(D^IJ# [C ±o -C*^ tvl^b1~£r £ ^-e^r§ o 
[0089] lii|fEiii|^M5j|2DRA<D^^I^ 

[0090] _hfi^fi ot^s^ mm^^mn^m^xxf^: (3) (D^b^ 

2 

2 

8%£9/h£V^;aS;&g-?;fc;5o _h{£p{££iTifc*N N =34—37% 

2 2 

x&z> 0 

[0091] (Ht^H^!)) 
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[0092] ^mmmXl^ ifn^i^ftcDifeSfittemSOOnm, {t-^3feifcKteC^1530~l 

^■©I«I*^Lft^tfc5 0 *I»J©l^iai, C^1530~1560nm 
^^!l^fil00GHzr H 1PI(-r^^^0. 8nmraRS)-e^#MfS-^OjgS/ c CV>b^- 

[0093] ^r-o, ^EH»j-e^fc<D^iRi#^. ft i s, if v^mrnM 
(Dm^nw.^ x o, m&yt$m<Dm±iM& x ptvtct^^ 2x0- xs= xp (_hta^a 

frl&XylZ., X0=1480nm, X s= 1560nm<£>£^\ Xp< 1385nm£L-CV^ 0 
t?^. ^(D^5L^nmi:L-C, 2X0 - Xs> 1 p + 15 (±fB^(2) ) i:LTV ^ 0 fcfc 

&<9, l#l:tS(nm) ^«9, ^W{dSNR(dB) ^oTV^ 0 g|19«Xp = l 

385nm(DJ^^^oV>-C^Lfct>(D-e^ 0 IMMC^^HS^ 77>f^9WW- 
if\ ^— )gftFBG-LD, 2^gFBG-LD, *5iOTP-LD(^T^y— ^n— LD 

)-efc5 0 misfrh^r^^^i/i/— U\ ifcftFBG-LD, 2^^fbg-ld, 

FP-LD(D)II-eSNR^^gv ^ £rj&5;b/&>5o 
[0095] SNRCOfcLT^, #!J;if3\ X s = 1560nm:&J;t^ p= 1385nm^:iol^-C, 

5SftFBG-LD*5j;tF2^^FBG-LD-e\ ^:tt j ettSNR=23dB^oJ;U ? SNR=2 

8. 5dB^o-cv^ 0 ^.(DSNRco^^h^mm^copjfmm^ temvm^fcmm 

^ftFBG-LD(D^^^»Xp=1385nm^V\ ^fc, 2ifcftFBG-LD 
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(DM&ia*£, mi9(D&M&-&&-&WK5nmi/7h~f'Z>^b&X*%, Xs = 1560nm 
*5J:tJ ? Xp=1385nm^*D{t5SNR(D^^h/VftiSfa:^27dB^§ 0 Lfc^ot, 



[0096] *fc, *^Jfe^!ItteMlS^NZ-DSF©4&^-C*>«^, Hlfe0!l<£>#^|^£ll;i 
[0097] (H — -M^MMm^btb) ^^m<DmMmKX^>^r^Mit^TJ>>^ M 

— m^mmmxnm^tim^m^mx.. ^y*7 7 ^no, n, 20, 21^ 
[0098] m-tmmm) 

[0099] *mMMiz£zftmmm<Dmj&&m20\z.mir o mu^utwt^zm^t 

Jtm*n?>MKbVXF>SF%:^^ ^(D^femX-^lOkmX&V), ^©DSFtt^trv 

[0100] ^mmm^xn^, 3feiglBSS70teA^7Ufcfi#3te&\ RiN^ff fcitmD-FWM 
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o 

2X0-Xs>Xp 
2X0- Xs> Xp + 10 

2X0- Xs> Xp + 15 

[ll] itfffEM3teMte, m^M-r^r^V—^ ^?^Jr—Y<D&*<Dti\t) 
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